Introduction
As a result of land-use changes, extensively cultivated calcareous pastures and leys, which are generally considered the grassland biotope with the highest conservation value (Blab & Kudrna 1982; Bignal & McCracken 1996) , are becoming increasingly rare in Central Europe (e.g., Zoller & Bischof 1980; Willems 1982; Ratcliffe 1984; World Conservation Monitoring Centre 1992; Fischer & Stöcklin 1997) . Often, formerly extensively used grasslands are either converted to intensive agriculture or are abandoned and consequently convert into forests. Little is known, however, of the relative importance of the different seral stages of extensively cultivated land. There is a general belief that fallow land, at least when older, is less valuable than land still under cultivation (Walther 1995) . This belief could stem from the old attitude that "wild" means "bad" by definition (Thielcke 1973) or from a strong subjective weighting of charismatic groups such as orchids or lycaenid butterflies that suffer from succession.
Well-founded studies regarding the effect of succession of extensively grazed or mown grassland on animals are scarce, and those that exist are contradictory. Thomas (1991) demonstrated a negative effect of succession on a number of lycaenid butterflies. Erhardt (1985 a ; 1985 b ) found that butterflies in the subalpine region increased in species numbers during early succession but then decreased as soon as bushes began to invade. Beinlich (1995) found a maximum of butterfly species in early to intermediate seral stages, but it is unclear what "intermediate" means in his study. On the other hand, a slight increase of species numbers throughout succession was observed in spiders (A. Hänggi, personal communication) . Both Erhardt and Hänggi point out the presence of rare species only in late seral stages. Most other work in this field focuses on the succession from rather species-poor arable land or corn fields (e.g., Southwood et al. 1979) and not from highly diverse, extensively grazed pastures or extensively mown leys.
More thorough investigations of this neglected subject are desperately needed because the problem of fallow land has shifted greatly during the last two decades. Surber et al. (1973) warned about too much fallow land; now such land has decreased significantly in Central Europe and has almost disappeared from many areas, particularly in lowland regions, for two main reasons. First, intensification of cultivation or afforestation has reduced the land area that can fall fallow (Hegg et al. 1993) . Second, remaining fallow land is often recultivated, because conservation practitioners focus their efforts on managing the initial stage of cultivated grassland, making fallow land even rarer. Old fallow land has now become so rare in the Jura mountains of northwestern Switzerland and adjacent France that only three suitable sites could be found for this study in an area of approximately 1000 km 2 . We are in serious danger of losing that often overlooked part of our biodiversity associated with fallow land without realizing it, and there is an urgent need for information on how important these habitats are for biodiversity. Consequently, we examined the relative importance of the different stages of succession and compared the lepidopteran faunas of 14 sites in four different stages of a sere, from extensively grazed calcareous pastures to woodland. We aimed to answer the following questions: (1) Do the stages differ in their species numbers and in diversity? (2) Do different seral stages support distinct butterfly communities? (3) Do certain species or species groups depend on specific stages for survival? From these, we can answer the larger question of how important fallow land is for butterflies.
Day-flying lepidoptera are well suited for answering these questions. They are sensitive indicators that react quickly to environmental change (Erhardt 1985 a ) , and they are specious and abundant enough for meaningful analysis. Most species are rather sedentary yet are mobile enough to rapidly colonize new habitats in their close vicinity (Baker 1969) , which allows meaningful samples to be obtained from relatively small areas. And, they are a charismatic group, categorized in Red Lists (Gonseth 1994) , which makes the results usable for public discussion and political action.
Methods

Study Sites
The 14 study sites were situated within 25 km of one another in the Jura Mountains to the southwest of Basel, Switzerland (Fig. 1) . All sites were 1000 m 2 in size, faced south by southeast to south by southwest, had similar slopes, and were located at elevations between 510 and 720 m above sea level. They belonged to four consecutive seral stages of extensively grazed calcareous grassland in this region (Kienzle 1979) : stage 1 (five sites investigated), extensively grazed pastures on nutrient-poor calcareous soils, phytosociologically characterized as Mesobrometum typicum , still cultivated; stage 2 (three sites investigated), early fallow land, no grazing for 2-3 years, grasses dominating vegetation, few woody plants present yet; stage 3 (three sites investigated), old fallow land, no grazing for approximately 10 years, loosely but evenly covered with blackthorn Prunus spinosa (50-60 cm in height); and stage 4 (three sites investigated), dense young forest, no grazing for approximately 20-30 years, trees replacing blackthorn, up to 4 m in height.
The results of surveys in stage 4 sites were not directly comparable to those from other stages because the dense nature of these sites required a different censusing method. Stage 4 therefore was included only for crude comparison in parts of the analysis where explicitly mentioned, to assess the effect of continuing late succession (Table 1) . The sites of stage 3 included in this investigation represent all south-facing sites of the desired minimal size that could be found in the region within an area of approximately 1000 km 2 . North-facing sites are even rarer because they have been converted to agricultural land due to their richer soils.
Surveys
From 6 June to 11 September 1997, numbers of diurnal macrolepidoptera (Rhopalocera, Zygaenidae, and Geometridae) were surveyed on all sites once a week. This is the optimal period for butterflies in the investigated region. During a 2-week period (23 June-6 July) no sites were surveyed due to bad weather conditions. Thus, 13 weeks were included in the analysis. For the statistical analysis the weekly counts per species and site were added up as a measure of presence of a species at each site during the sampling season. Due to bad weather, some individual surveys were lacking; we estimated their values by interpolation by the method of Hall (1981) .
We conducted area transect surveys (i.e., sites patrolled in a serpentine pattern, corridors 5 m wide) so that each part of the survey area was covered by the butterfly net once. We chose this method because all stage 3 sites were too small (each about 1000 m 2 ) for conducting linear transects. Larger stage 3 areas no longer exist in the region. All butterflies within reach of the net were identified. Multiple counting of individuals of active species could not be avoided but was not problematic because sites rather than species (which have differential catchability) were compared to each other and the error was the same in all sites. An adequate plot size was shown to be 1000 m 2 (Balmer 1999) . Due to the density of the stands in stage 4 sites, linear transect surveys were conducted and the data were extrapolated to the same total area as in the first three stages. Transects were made only in good weather between 1000 and 1700 hours. The sequence of surveys was alternated to avoid systematic effects of time of day.
Diversity Measures
The three seral stages (or four, where mentioned) were compared. To examine whether the seral stages differed in their diversity, we calculated species richness ( S ) and the abundance of individuals ( N ) for every site. To exclude bias of species richness imposed by differential sample sizes (Peet 1974) , we also calculated rarefied species richness (Sanders 1968 , as corrected by Simberloff 1971), which is a measure estimating how many species would have been found with a lesser and standardized number of individuals. Heterogeneity (often called "diversity") was calculated as Fisher's ␣ (Fisher et al. 1943) , which is the parameter of the logarithmic distribution. To check whether abundances of the species present followed a logarithmic distribution as needed for Fisher's ␣ to be meaningful, we drew Whittaker plots (Krebs 1989 ) for visual inspection. Evenness was calculated as modified Hill's ratio F 2,1 (Alatalo 1981 ; Appendix 1), a measure that gives little weight to the rare species and that avoids underestimation of species richness (Peet 1974) because it uses no estimate of species richness (Alatalo 1981) . Evenness measures how evenly the individuals of a sample are distributed over the species present in the sample.
These measures were compared between the seral stages by means of one-way analysis of variance. Posthoc comparisons between pairs of stages were performed with a Scheffé test on a significance level of p Ͻ 0.05. Pairwise comparisons between stages 1 and 2 combined (hereafter stage 1 ϩ 2) and stage 3 were performed with an unpaired t test (Zar 1984) . All calculations were performed with the program StatView, Version 4.51 (Abacus Concepts 1995).
Community Resemblance
To investigate differences in species composition between stages, we further analyzed data by classification and ordination methods. Both classes of methods group the sites according to the resemblance they have to one another. Matrices of pairwise similarities between sites were constructed with Morisita's index (Morisita 1959, Appendix) , and a cluster analysis was performed on these with the average linkage algorithm unweighted pair-group method using arithmetic averages (UPGMA) as described in Krebs (1989) . Morisita's index is probably the best similarity measure for ecological use because it is nearly independent of sample size and diversity (Wolda 1981) .
To confirm and refine the results obtained by cluster analysis, we performed a correspondence analysis on the untransformed data set using the program JMP, Version 3.2.2 (SAS Institute 1997). The consecutive axes produced by this method (ordination axes) explain a decreasing proportion of the observed variance in the data, with the first axis explaining the greatest proportion, the second explaining the greatest proportion of the remaining variance, and so forth.
Species Reactions
In a last step, we compared the lists of species abundances qualitatively to investigate the effects of succession on a single species or group of species. For each species, we calculated the average abundance and the relative frequency (in percent) per seral stage. Using chisquare statistics, we then determined whether the average abundances deviated from an expected uniform distribution. Where they did, we assigned the species to the seral stage(s) of most frequent occurrence and defined it as "specific to this/these stage(s)." Otherwise the species was considered not stage-specific. Where the numbers of individuals were too small to perform meaningful chi-square statistics, species were assigned to the stages, or not assigned at all, in accordance with the following criteria. Species with more than 30 individuals and relative frequencies between 40% and 60% in both stage 1 ϩ 2 and stage 3 were considered specific to both stages. To be assigned to one of the stages, a species needed to meet three conditions: its relative frequency in the stage had to be above 75%, its mean abundance in the stage had to be Ͼ 1, and, to avoid assignment of a species to a specific stage that was actually specific to a location, it could not be confined to a single location. The classification made was based solely on the data, because the classifications in the literature address different habitat types from the ones we investigated.
Results
Diversity Measures
A total of 6358 butterflies belonging to 82 species was recorded during the study period (Table 2) , the fourth seral stage not included. The three successional stages differed significantly in their Fisher's ␣ and rarefied species richness, whereas species richness, modified Hill's ratio F 2,1 , and abundance were not significantly different. Post-hoc comparisons between the stages revealed that stage 1 and stage 2 were not different from each other in any of the investigated measures. The overall significances were always due to a significant difference of stage 3 (Table 3 ). The same was true for the trends in species richness and the number of Red List species.
Stages 1 and 2 were thus grouped into one single stage (see discussion), and the two resulting stages (stage 1 ϩ 2 and stage 3) differed significantly in their species richness and in their number of Red List species (Fig. 2) .
Whittaker plots confirmed that the species abundances followed a logarithmic distribution in all sites (data not shown). Fisher's ␣ was therefore an appropriate measure of heterogeneity.
Although stage 4 was not directly comparable to the other stages, it was different from other stages because it had dramatically lower numbers of species and individuals (Table 2) . Except for two species ( Boarmia ribeata , Geometridae, and Philereme transversata , Geometridae, each found once), all species found in stage 4 were also found in other stages. Stage 4 was not included in any further analyses.
Community Resemblance
The dendrogram produced by the cluster analysis grouped into one cluster all sites of stages 1 and 2 except site 1N. The sites of stage 3 and site 1N did not all cluster together but were clearly separated from the "stage 1 and 2 cluster" (Fig. 3) . Of the four sites outside the stage 1 and 2 cluster, sites 3K and 3L built a second cluster. As in the univariate analysis, stages 1 and 2 were not distinguishable, whereas stage 3 was clearly different.
The ordination (correspondence analysis) produced similar results. A biplot of ordination axes 1 and 2 again showed a grouping of the sites of stages 1 and 2, with site 1N being slightly more distant. The sites of stage 3 were clearly separated from these (Fig. 4) . Sixty-two percent of the observed variance was explained by the first three ordination axes.
Ordination axis 1 separated a homogenous first group of all sites of stages 1 and 2 from the three sites of stage 3. Site 3S was furthest away from the first group. The scores of stage 3 were significantly different from those of stage 1 ϩ 2. Ordination axis 2 separated sites 3S and 1N from a group with all other sites. Sites 3K and 3L lay at the edge of this group in the opposite direction from site 3S. Ordination axis 3 showed the same groups as axis 2, with only a change in position of site 1N relative to the remaining sites.
Species Reactions
The preceding steps of analysis have shown that successional stages 1 and 2 could not be distinguished by quan- (Table 4 ). The remaining species either were equally distributed over the stages (7 species, 8.5%) or could not be assigned to a stage due to low abundance or ambiguous distribution (33 spp., 40.2%). Some species assigned to stage 1 ϩ 2 showed a clear preference for either stage 1 or stage 2 (Table 4) .
One family (Lycaenidae) showed a strong affinity to stage 1 ϩ 2; six species were specific to this stage and none were specific to stage 3. Of the species specific to one stage, five that were in stage 1 ϩ 2 are on the Red List of threatened butterflies of Switzerland (Gonseth 1994) , which is 38.5% of the stage-specific species from families for which Red Lists exist. There are no Red Lists for the Geometridae and Zygaenidae in Switzerland. In stage 3, eight specific species, or 57.1% of all possible stage-specific species, are on the Red List. Pyronia tithonus, Gonepteryx rhamni, Issoria lathonia, Coenonympha glycerion , and Pseudoterpna pruinata exhibited a strong local (as opposed to stage) specificity, occurring in all stages but only on sites in Kiffis and Liesberg. (Gonseth 1994) .
Figure 2. Changes in diversity measures of butterfly populations, with seral stage in the two stages found to be relevant (error bars indicate SD).
Discussion
Similarity of Early Seral Stages
Seral stages 1 and 2 did not differ in diversity or in species composition as measured by both cluster analysis and ordination. The only difference we found concerned a few species that showed a specificity to one of the stages. This difference between the two stages is minor, however, compared to their difference from stage 3 and could be explained in part by chance or local effects. For butterflies, stage 1 and stage 2 are practically the same, most likely because during the initial phase of succession plant species composition changes little. There is only a change in dominance; grasses increase and herbs decrease in density. There is also a change in structure as the sward gets matted (Kienzle 1979 ). In the investigated area this structural change seems less important for butterflies than the presence of their larval food plants. Hence the distinction between the two initial successional stages is not biologically justifiable in the investigated area with respect to butterflies. The proper stages for comparison are stage 1 ϩ 2, stage 3, and stage 4. These findings seem to contradict those of Thomas (1991) who found dramatic effects on certain butterfly species at the beginning of succession. But as Thomas (1998) points out in the case of Maculinea arion , niches occupied change with both latitude and elevation. Notably, our data suggest that M. arion is specific to early fallow land in the investigated area, not to cultivated grassland as in southern England. It seems that in the warmer, south-facing slopes of the Jura Mountains, the decline in above-ground temperature due to the growth of higher swards has much weaker effects on butterflies than it does in cooler regions. Temperature does not seem to be a limiting factor.
Diversity
A comparison of the stages reveals that both species richness and heterogeneity increase significantly from Table 1 . stage 1ϩ2 to stage 3 and then decrease dramatically to stage 4. Thus from a butterfly conservationist's point of view, stage 3 is most valuable, and continued succession to forest should be prevented. This point is strengthened by the fact that stage 3 is much rarer than stage 4 in the investigated region.
Because heterogeneity combines two conceptsspecies richness and evenness ( Krebs 1989 )-it can be determined which of these is responsible for the detected change in heterogeneity. Evenness was the same in all stages, whereas species richness changed. Thus the increased heterogeneity in stage 3 was due to increased richness and was not a consequence of a change in the dominance distribution of the species assemblages.
Greater species richness in stage 3 was remarkable for should have a lower species richness than the "bigger" sites of stage 1ϩ2. The richness of stage 3 can thus be expected to be even a bit underestimated relative to that of stage 1ϩ2. The results are even clearer when one looks at rarefied species richness. The difference in species richness between stage 1ϩ2 and stage 3 becomes even more pronounced if the different abundances are taken into account. Even though the different abundances are themselves indisputably a characteristic of the communities, this strengthens the point made above that the real richness of stage 3 (estimated from fewer individuals on average) is underestimated relative to that of stage 1ϩ2.
To preclude the possibility that the observed differences of diversity are the consequence of some other confounding factor and not of successional age, we offer the following considerations: (1) A stepwise regression showed that all measured changes were best explained by seral stage and were not or were much less correlated to the other recorded factors of total area, distance to forest, elevation, latitude, or longitude (Table 5) . (2) The dramatic decrease of species richness from stage 3 to stage 4 demonstrated that the habitat quality of stage 3 must in itself be the reason for its increased richness, not any underlying factor also present in later seral stages. (3) Also, the findings cannot be attributed to the inclusion of the Geometridae, whose larvae feed on woods, because their omission did not alter these findings (data not shown). (Gonseth 1994 
Communities
Both classification and ordination showed that all stage 1ϩ2 sites were similar to one another in species composition and that stage 3 sites were clearly distinct from these but not quite as similar to each other. A comparison of the correspondence analysis site scores to successional age and other possible explanatory factors by stepwise regression showed that successional age was the factor determining the position of the sites on the first ordination axis, which explains the greatest part of the observed variation in the data. Ordination axis 2 cannot be explained by the environmental factors measured and seems primarily to reflect the presence of special dominant species in sites 1N and 3S. Ordination axis 3 might represent a geographical component because the scores correlated best with latitude. But this correlation is probably due mainly to the high leverage of site 3S and has to be treated with caution (Table 5) .
Site 1N appeared to differ from the other stage 1ϩ2 sites. Although on the first (and most important) ordination axis it was perfectly grouped with all other sites, showing that it is in essence of the same type, the other ordination axes and the cluster analysis clearly separated it. The separation on ordination axis 2 is mainly an effect of a single geometrid species, Idaea macilentaria, which is abundant in Nenzlingen but was seen elsewhere on only one occasion. If this species is omitted from the analysis, site 1N is much closer to the other sites of stage 1ϩ2 on the second ordination axis. It does not change the result of the cluster analysis, however, which is robust against influences of single species. The difference in 1N may also be due to its somewhat richer soil and the resulting higher and denser sward compared to other sites of stage 1ϩ2. Aside from the abundant species that dominated most sites (i.e., Maniola jurtina, Melanargia galathea), no other single species exerted a substantial effect on the outcome of the correspondence and cluster analyses. This shows that the results are based on real and strong patterns and not on random effects.
Species Level
The butterfly groups included in this study had a high level (Ͼ50%) of specificity to seral stages. More than 25% of the species each were specific to either stage 1ϩ2 or stage 3. This shows the specific habitat requirements of many species. They require a certain seral stage for survival and cannot simply switch to another stage. Because we were cautious and did not assign many species to a seral stage, the real number of stage-specific species may be higher. There were relatively few generalists, which implies that butterflies react strongly to environmental change and hence are good indicators of habitat change (Erhardt 1985a) .
A high proportion of the specific species in both stages is included in the Red List of threatened butterflies of Switzerland. Because Red Data Books of Central Europe mainly contain specialist species whose habitats are or have become rare, the proportion of Red List species is a good indicator of the status of the respective habitat. The successional stages included in this study seem to be highly endangered.
Stage 1ϩ2 is essential for lycaenids. This confirms the results of many other studies showing that lycaenids are in general thermophilous and bound to sunny habitats where their larval food plants occur (LepidopterologenArbeitsgruppe 1987; Thomas 1991) .
The large number of Red List species in both stage 1ϩ2 and stage 3 provides an impetus for effective protection of these habitats, especially in countries such as Switzerland, where Red Lists are by law a binding means for nature conservation. The fact that stage 3 hosts significantly more Red List species than early seral stages of course does not lead to the conclusion that all extensively cultivated grassland should be abandoned. Rather, it emphasizes that later seral stages deserve and require equal protection at minimum. With respect to butterflies, removal and recultivation of old fallow land is the wrong conservation strategy if it is not combined with other measures to achieve a good mixture of various seral stages. The observation that some species show a specificity to certain locations rather than seral stages is a reminder that, besides the habitat effect with which this paper is mainly concerned, there are also other geographical and historical influences on present day species communities. Local processes acting at the habitat level may be overridden by regional processes acting on larger spatial or temporal scales, for instance processes mediated through dispersal ability or natural barriers (Ricklefs 1987) .
Conservation Implications
Extensively cultivated pastures and leys have long been recognized as important habitats that need protection. Our study shows once more that they are host to many specific and Red List butterfly species. Different from these habitats, old fallow land (stage 3 in this study) has so far attracted little attention for nature conservation. We have shown, however, that it has a distinct butterfly fauna, is even richer in species, is more diverse, and comprises more threatened butterfly species than calcareous pastures (stage 1) and early fallow land (stage 2). Moreover, old fallow has become rare in Central Europe, emphasized by the fact that, within an area of approximately 1000 km 2 , the three sites included in this study are the only ones left of this vegetation type worth mentioning. When old fallow land becomes forest, virtually all butterfly diversity is lost. Even though forests have high conservation value for other groups, this conversion should be prevented because forests, unlike the other stages we investigated, are by no means rare in the region.
There is an urgent need to rethink conservation priorities. Later successional stages must be included in any management plan for conservation areas. A management approach that includes all nonforest seral stages at the same time is crucial. We recommend a rotation management (Duffey et al. 1974 ) that includes both extensively cultivated and old fallow land (10 years of age) but that prevents succession of land to forest. This management scheme is problematic because it requires relatively large areas. But it has the great advantage of reducing management effort because the single compartments of a conservation area can be left alone for longer periods of time.
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